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The Ectocarpus siliculosus virus (EsV-1) is endemic in all populations of the cosmopolitan filamentous brown alga
Ectocarpus siliculosus. EsV-1 has a large circular double-stranded DNA genome of about 320 kilobase pairs, and a complex
virion structure with a central nucleoprotein core surrounded by several proteinaceous layers. To investigate the protein
composition of the virion, we screened an expression library of EsV-1 with antibodies raised against purified detergent-
disrupted viral particles. We isolated several clones encoding novel structural proteins and investigated two of them in detail.
These clones encode viral proteins vp55 and vp74. Electron microscopy reveals that vp55 is most likely a component of the
surface of the viral core, whereas vp74 may be part of an inner core structure. To initiate a genetic analysis, we sequenced
regions of the EsV-1 genome encoding vp55 and vp74 and found several adjacent open reading frames with the potential to
code for several interesting viral proteins including a putative calcium-binding protein, a collagen-like protein, and a RING
finger protein. © 2000 Academic PressINTRODUCTION
Brown algal viruses (Phaeoviruses) represent a new
genus of DNA viruses belonging to the Phycodnavirus
family (Pringle, 1998). The eight known phaeoviruses
share large double-stranded DNA genomes, between
160 and 340 kilobase pairs (kb) in size, as well as an
icosahedral shell structure and a characteristic infection
cycle (Mu¨ller et al., 1998). Virus particles infect free
zoospores or gametes of the algal host. The viral ge-
nome becomes integrated into the host genome during
vegetative growth and is transmitted through mitoses to
all progeny cells (Mu¨ller et al., 1991; Bra¨utigam et al.,
1995; Delaroque et al., 1999). Upon maturity, viral parti-
cles are exclusively produced in reproductive organs,
sporangia, and gametogangia, whereas all vegetative
cells are free of viral particles. Virus-producing cells lyse
and release virions into the surrounding sea water (for
review, see Mu¨ller et al., 1998).
EsV-1 particles contain more than 20 polypeptides in a
molecular weight range of 10 to 200 kDa (Klein et al.,
1995). One of the structural proteins has been charac-
terized before and shown to be one of the three glyco-
proteins in the viral protein shell (gp1; Klein et al., 1995).
To increase our knowledge of the molecular structure of
EsV-1, we searched for additional structural proteins. For
this purpose, we prepared antibodies against purified
EsV-1 virions and used them to screen a l-based ex-
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148pression library with EsV-1 genome segments as inserts.
We could isolate several clones with open reading
frames. Two of these were expressed in E. coli to pro-
duce antigens for the production of specific antibodies.
We identified two new structural proteins, vp55 and vp74,
which appear to be major components of EsV-1 particles.
In addition, we sequenced the regions of the viral ge-
nome that include the vp55 gene and the vp74 gene and
discovered that the adjacent open reading frames have
the potential to code for novel proteins which could
function as structural elements.
RESULTS AND DISCUSSION
Screening of the EsV-1 expression library
To identify genes encoding structural proteins, we
screened an EsV-1 expression library with an antiserum
generated against detergent-disrupted EsV-1 particles
and isolated 21 positive clones, which could be classi-
fied into three different groups. Two groups of clones
contained segments of DNA encoding major structural
proteins (described later). The single clone of the third
group contained an open reading frame with the poten-
tial to code for a hybrid histidine kinase (Delaroque et al.,
submitted for publication).
The inserts of six different isolates from the group A
and group B of clones were recovered on the plasmid
pBK-CMV SK vector by in vivo excision and analyzed by
restriction mapping. Sequencing revealed that the in-
serts were between 322 and 2215 bp long. The group A
clones were characterized by the open reading frame
ORF-1; and the group B clones by the open reading
149CHARACTERIZATION OF MAJOR STRUCTURAL PROTEINS IN EsV-1frame ORF-2. The largest of the group B clones carried
the 39 end of an additional open reading frame, ORF-3
(Fig. 1).
Identification of structural viral proteins
To further investigate the sequences shown in Fig. 1,
we overexpressed ORF-1 and ORF-2 in bacteria to obtain
antigens for the production of specific antibodies. The
antibodies were affinity-purified and used to determine
the structural proteins encoded by ORF-1 and ORF-2. For
this purpose, viral particles were disrupted in sodium
dodecylsulfate and investigated by denaturing polyacryl-
amide gel electrophoresis (Laemmli, 1970). As noted
before (Klein et al., 1995), the composition and relative
abundance of structural proteins can vary somewhat
between individual viral preparations depending on the
isolation technique used and possibly also on the phys-
iology of the infected cells.
We therefore investigated two independent virus prep-
arations that were, however, rather similar in their protein
compositions (lanes 1 and 2, Fig. 2). Both viral prepara-
tions contained at least 13 major and several additional
minor polypeptides with molecular masses ranging from
10 to 200 kDa. The polypeptides were blotted onto nylon
filters and stained with antibodies (Towbin et al., 1979).
The antibodies against the protein encoded by ORF-1
specifically reacted with two prominent bands of about
55 and 53 kDa (lane 3, Fig. 2). The size of the larger
polypeptide corresponds to the molecular weight of
FIG. 1. Maps of six different positive clones detected by immunological
screening. (A) Clones with ORF-1 sequences; (B) clones with ORF-2 and
ORF-3 sequences. Single lines, vector sequences; stippled boxes, viral
coding sequences; open boxes, viral noncoding sequences. Primers used
for amplification are shown by arrows above the coding regions.55,053 Da that can be predicted from the ORF-1 se-
quence (see below). We therefore use the term vp55 todescribe this new structural EsV-1 protein. The 53-kDa
polypeptide, detected in the immunoblots by vp55-spe-
cific antibodies, could be a product of proteolytic pro-
cessing. But it is also possible that it is synthesized from
internal initiation codons, since additional methionine
codons occur at 21 and 30 nucleotides downstream from
the first in-frame ATG codon in ORF-1. However, we can
not presently exclude that the 53-kDa polypeptide is
encoded by a separate EsV-1 gene. In any case, a com-
parison of the Coomassie-stained polypeptides (lanes 1
and 2) with the Western blot (lane 3) shows that the
vp55/53 protein doublet is a major constituent of the
virus.
Antibodies against the protein encoded by ORF-2 clearly
recognized a single 75-kDa band (lane 4, Fig. 2). The elec-
trophoretic molecular weight corresponds well to the the-
oretical molecular weight of 74,034 Da as calculated from
the ORF-2 sequence (see below). For this reason, we des-
ignate this structural EsV-1 protein as vp74.
The immunoblot experiment of Fig. 2 was repeated
with different virus preparations and gave consistent
results. Preimmune sera did not react with any of the
viral proteins in Western blot experiments (data not
shown). Thus, vp55 and vp74 are two novel EsV-1 major
structural proteins.
Location of vp55 and vp74 in EsV-1 particles
Electron microscopy of sections through virus-produc-
ing algal cells revealed densely packed virus particles
with a central core surrounded by several electron dense
layers (for review, see Mu¨ller et al., 1998) (Fig. 3A).
FIG. 2. Electrophoretic analysis of structural viral proteins. Lanes 1
and 2, two independent virus preparations were purified and investi-
gated by denaturing gel electrophoresis on parallel slots of a 15%
polyacrylamide gel and Coomassie blue staining. Lane 3, a polyacryl-
amide gel like that shown in lane 1 was blotted onto a nylon membrane
and incubated with affinity-purified antibodies against the ORF-1
polypeptide. Lane 4, same as lane 3, except that antibodies against the
ORF-2 polypeptide were used for immunological detection. The immu-
nologically detectable polypeptides vp55 and vp74 are indicated on the
left, and the positions of molecular weight standards are indicated on
the right.
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150 DELAROQUE ET AL.To determine the location of vp55 and vp74 in virus
particles, we prepared sections for electron microscopy
under the mild fixation conditions described earlier. This
method resulted in a loss of contrast of the external
electron dense virion layers while the inner viral core
remained clearly visible (Figs. 3B and 3C). In fact, we
determined that the viral core radii are very similar in
electron micrographs of conventional preparations
(55.1 6 2.9 nm; n 5 37) (Fig. 3A) and of modified prepa-
ations (54.7 6 4.6 nm; n 5 229) (Fig. 3B). Mild fixation
llowed a rather efficient labeling of vp55 and vp74 (Figs.
B and 3C). The nonrandom distribution of gold particles
n Fig. 3 (B and C) strongly suggested a specific labeling
f viral proteins. To support this conclusion, we investi-
ated sections of virus-free algal cells on the same grids
ontaining sections of virus-producing cells like those
hown in Fig. 3. The average density was only 0.2 gold
articles/mm2 on virus-free cells, regardless of the pri-
mary antibody used, whereas the average densities
were 97 gold particles/mm2 for virus-producing cells,
tained with vp55-specific antibodies, and 16 gold parti-
les/mm2 when vp74-specific antibodies were used. An
verage density of approximately 0.2 gold particles/mm2
was also determined in control experiments with sec-
ondary antibodies only (data not shown) and therefore
represents the background of the immunogold-labeling
procedure used.
With anti-vp55 antibodies, the labeling intensity was at
FIG. 3. Electron microscopy of EsV-1 particles in infected cells. (A) S
et al., 1998) and stained with primary vp55-specific antibodies and gol
prepared by a modified mild procedure and stained with vp55-specific
anti-vp74-antibodies were used for staining. Scale bars, 200 nm.maximum 19 gold particles in association with a median
section through one virus particle and the average was5.8 gold particles/virion. The labeling intensity with anti-
vp74 antibodies was lower, at maximum 6 gold particles/
virion and an average of 1 gold particle/virion. This dif-
ference is consistent with the results of the gel electro-
phoretic analysis, which showed that protein vp55 (and
its immunoreactive derivative, the 53-kDa protein) are
more abundant in virions than the vp74 protein (Fig. 2,
lanes 1 and 2). We also noted a low, but reproducible
labeling of viral cores when vp55-specific antibodies
were applied to conventionally fixed, Spurr-embedded
sections (Fig. 3A), suggesting that the antigenic determi-
nants of vp55 remained partly intact during the harsh
fixation procedure.
To more precisely map the position of the gold gran-
ules, we determined their location relative to the center
of the viral core (Fig. 4A). The results showed that the
anti-vp55 label is positioned at an average radius of
55.0 6 13.2 nm (n 5 593) (Fig. 4B). The antigen recog-
nized by anti-vp74 antibodies was found to be located
slightly closer to the center of the viral core with an
average radius of 48.8 6 18.0 nm (n 5 261) (Fig. 4C);
thus, vp55 and vp74 are components of the EsV-1 core.
The relatively large standard deviations in these mea-
surements result from the substantial relative size of the
immunological probes that consist of two IgG molecules
(;8 nm) and a 10-nm gold bead (Roth, 1982). However,
the difference between the distances from the center of
the viral core was statistically significant (P , 0.0015).
for electron microscopy were prepared as previously described (Wolf
d secondary antibodies. Arrow head, gold particle. (B) Sections were
dies and gold-labeled secondary antibodies. (C) as in (B) except thatections
d-labeleThis suggests that vp55 and vp74 are not part of the
same architectural core element. In fact, vp55 may be
tView s
5 261)
151CHARACTERIZATION OF MAJOR STRUCTURAL PROTEINS IN EsV-1located on the surface of the EsV-1 core, whereas vp74
could be part of an internal core component. This is also
supported by the finding that vp74 seems to be distrib-
uted over a larger area of the core structure than vp55, as
indicated by the higher standard deviation in the distri-
bution of gold beads associated with vp74 (compare Fig.
4B with Fig. 4C).
Coding sequences
To obtain information about the complete primary
structures of vp55 and vp74, we assembled two DNA
sequence contigs of about 4.5 kb each from a shotgun
library, prepared in an M13-derived vector. One contig
included the open reading frames that led to the identi-
fication of vp55, while the second contained the vp74
gene (Figs. 5A and 5B).
Sequence analyses revealed that the vp55 gene in-
cludes 503 codons. The predicted amino acid sequence
includes an amino-terminal hydrophobic “transmem-
brane” domain followed by a cluster of charged amino
acids (Brendel et al., 1992). It also includes a carboxyl-
terminal cluster of basic amino acids. The vp55 se-
quence has no similarities to other sequences in data
banks and appears not to be related to any one of the
known structural viral proteins. As discussed previously,
vp55 could be processed to yield a 53-kDa isoform (Fig.
2). However, sequence information does not provide any
clues as to its processing into the smaller 53-kDa iso-
form. We note, however, two in-frame methionine codons
close to the 59 end of the gene, which could serve as
internal starts yielding polypeptides of the expected size
of 53 kDa.
FIG. 4. Location of antigens. (A) Definition of the core center and the
the core). Scale bar, 100 nm. (B) Distribution of gold particles after stain
a total of 593 gold particles were determined and plotted using the Sta
(B) except that the distribution of the vp74-antigen was determined (nThe vp74 gene sequence consists of 698 codons. The
predicted amino acid sequence is characterized by sev-eral interesting structural features, including two glycine
stretches, one of which consists of 10 consecutive gly-
cine residues at amino acid positions 52–63, while the
second at amino acid positions 440–510 has 22 consec-
utive glycine residues preceded by tandem repeats of
the sequence SGGASGGGGGGGTGGAS (one-letter
amino acid code).
The glycine clusters could form flexible loops, and
secondary structure prediction (Lupas et al., 1991; Jones
1999) suggested that the 340 amino acid sequence be-
tween the glycine clusters could form five amphipathic
a-helical segments separated by proline residues (Fig.
5B). The a-helical regions could be arranged in coiled-
coil configurations and may interact with the correspond-
ing regions in other vp74 molecules (Cohen and Parry,
1994). In fact, homology searches of the EMBL GenBank
and the SwissProt database using the BLAST and FASTA
programs (Pearson and Lipman, 1988; Altschul et al.,
1990) showed that the central vp74 domain has low but
significant homologies (up to 25%) with the coiled-coil
domains of myosins, lamins, and keratins. The highest
similarity score was found with human type I keratin 9
(Langbein et al., 1993), which is 29% identical and 47%
similar to amino acid positions 105–510 of vp74. It is
therefore tempting to speculate that vp74 has a structural
role comparable to that of structural proteins like the
nuclear lamins, which have a coiled-coil structure and a
glycine-rich section that are known to interact with chro-
matin (Ho¨ger et al., 1991). The vp74 sequence contains
numerous motifs that could serve as phosphorylation
sites, but it remains an open question whether they are
used in virus multiplication or virus assembly.
radius (drawn here as a line connecting the center and the surface of
vp55-specific antibodies. The distances between the core center and
tatistics program. The shaded area corresponds to the core. (C) As in
.core
ing withWe have sequenced a few kilobases of DNA upstream
of the genes vp55 and vp74 to determine whether other
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FIG. 5. Genes in the vicinity of the vp55 gene and the vp74 gene. (A) The
with annotations. Middle line, scale in kb and location of SfiI restriction site
reading frame of the collagen-like protein 1 are due to repeats of glycine c
amino acid motifs (see text). (B) The vp74 gene cluster (Accession num
predicted polypeptides. C1–C5, a-helical repeats in the vp74 sequence. O
s a revised version of the restriction map in Lanka et al. (1993). Arrows, lo
ites) and in panel (B) as well as the gene encoding the previously descvicinity. We determined two open reading frames on the
59 side of the vp55 gene (Fig. 5A). One of these has thepotential to code for a protein with many consecutive
ene cluster (Accession number: AF204951). Arrows, open reading frames
six closely spaced SfiI restriction sites (GGCCNNNNNGGCC) in the open
(GG.) and proline codons (CC.). Boxes, predicted polypeptides with some
204952). Arrows, open reading frames. Middle line, scale in kb. Boxes,
quence motifs are indicated (see text). (C) Restriction map of EsV-1. This
of the groups of genes shown in panel (A) (with eight closely spaced SfiI
ructural protein gp1 (Klein et al., 1995).vp55 g
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ther seGPX (glycine, proline, and other amino acid) motifs that
are found in the triple-helix region of mammalian colla-
1
i
e
r
r
f
v
c
p
s
E
C
u
p
e
153CHARACTERIZATION OF MAJOR STRUCTURAL PROTEINS IN EsV-1gens. We designate the hypothetical protein as collagen-
like protein 1. The second open reading frame encodes
a protein with similarities to a Rickettsia outer mem-
brane protein (Stenos and Walker, Accession number:
AAD39531) and to an S-layer protein of Caulobacter
crescentus (Gilchrist et al., 1992). An interesting feature
of the predicted protein is an amino acid motif with high
similarity to an EF-hand calcium binding domain (Heiz-
mann and Hunziker, 1991). This domain could be in-
volved in protein positioning within the viral capsid, just
like the Caulobacter S-layer protein is connected via
calcium bridges with specific membrane-associated oli-
gosaccharides (Awran and Smit, 1998). Thus, the two
novel open reading frames, together with the vp55 gene,
appear to form a cluster of genes encoding EsV-1 struc-
tural proteins.
This could also be the case for the vp74 gene, located
downstream of ORF-3, a sequence that was part of one
of the clones detected by screening the EsV-1 expres-
sion library with anti-EsV-antibodies (Fig. 1). We therefore
assume that ORF-3 may also encode a structural protein
vp27 (Fig. 5B). Its amino acid sequence has no signifi-
cant similarities to known proteins, but secondary struc-
ture predictions suggested that vp27 could form long
a-helical regions. It remains to be confirmed whether
vp27 is a component of the EsV-1 particle.
The second open reading frame that we have identi-
fied upstream of the vp74 gene (Fig. 5B) encodes a
polypeptide with several interesting sequence motifs.
These include a glutamine-rich region, a RING finger
motif, a cluster of negatively charged amino acids, and
four consecutive ankyrin repeats.
Ankyrin motifs occur in a large number of eukaryotic
proteins and are thought to function primarily in mediat-
ing protein–protein interactions (for review, see Sedg-
wick and Smerdon, 1999). Similarly, RING finger motifs
are also quite common in eukaryotic cells. They consist
of cysteine-rich regions with bound zinc atoms and are
involved in protein–protein interactions (Saurin et al.,
1996). Interestingly, the brown algal virus FsV also en-
codes a protein with a RING finger motiv (Krueger et al.,
996), which occurs, however, in a sequence context that
s unrelated to the sequence of the RING finger protein
ncoded by the EsV-1 gene.
Thus, the RING finger protein 1, encoded by the open
eading frame in Fig. 5B, could also perform a structural
ole, and it will certainly be of interest to determine its
unction in the EsV-1 infection cycle.
CONCLUSIONS
We have identified two novel structural viral proteins,
p55 and vp74, as components of the viral nucleoprotein
ore. Together with the previously described viral glyco-
rotein 1 (gp1; Klein et al., 1995), we know now three
tructural EsV-1 proteins. It has been shown that the gp1
0
pgene is highly conserved among the phaeoviruses
(Sengco et al., 1996; Maier et al., 1998), and our unpub-
lished experiments show that sequences related to vp55
and vp74 genes are also widespread among the various
members of the phaeovirus family. However, database
searches gave no indication that proteins related to vp55
and vp74 occur in other viruses, including the best-
studied of all phycodnaviruses, the Chlorella virus
PBCV-1 (Van Etten and Meints, 1999).
The genes for vp55, vp74, and gp1 are located on
widely separated sections of the viral genome (Fig. 5C).
This conclusion is based on sequence information from
an ongoing EsV-1 sequencing project and supported by
Southern blot experiments (data not shown). The data of
Fig. 5 show, however, that the vp55 gene as well as the
vp74 gene occurs in clusters of genes that could encode
structural proteins such as the collagen-like protein 1, the
calcium-binding protein, and the RING finger protein 1.
Further experiments must show whether these proteins
are constituents of the viral particle, or whether they
perform other functions in the EsV-1 infection process.
MATERIALS AND METHODS
Algal cultures and virus isolation
The virus-producing strain of Ectocarpus siliculosus
(Dillw.) Lyngb. was maintained as an axenic sporophyte
culture (Klein et al., 1995). The strain was grown in
autoclaved artificial seawater (hw professional, Wiegandt
GmbH) supplemented by Provasoli’s seawater enrich-
ment (Provasoli 1968) with weekly changes of the culture
medium. The culture was illuminated with fluorescent
light at an irradiance of 12 mmol/m2.s21 for 14 h per day
at 12°C. Virions were prepared according to Kapp et al.
(1997). For electron microscopy, the enrichment con-
tained HEPES buffer instead of Tris buffer.
Genomic library
High-molecular EsV-1 DNA for cloning was prepared
from virus particles embedded in agarose as described
previously (Lanka et al., 1993; Klein et al., 1995). About 8
mg of agarose-embedded DNA were released with
b-agarase and partially digested with Sau3A (New En-
gland Biolabs, Beverly, MA). The DNA fragments were
phenol-extracted and resuspended in 5 ml of 1 mM
DTA, 10 mM Tris–HCl (pH 8.0). EsV-DNA (3-ml solution)
was ligated to 1 mg of BamHI-digested, dephosphory-
lated bacteriophage l-ZAP-DNA (Stratagene, La Jolla,
A). Recombinant phage DNA was packaged in vitro
sing the Stratagene Gigapack Gold kit.
The l-expression library was screened with antisera
roduced in rabbits (Harlow and Lane, 1988; Kuhlmann
t al., 1995) against purified virus particles disrupted in
.1% sodium dodecylsulfate. We isolated several positive
hage clones whose inserts were recovered by in vivo
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154 DELAROQUE ET AL.excision in the form of the plasmid pBK-CMV SK vector
(Stratagene). Inserts were analyzed by restriction map-
ping (Sambrook et al., 1989) and sequencing (Sanger et
l., 1977).
ntibodies against specific viral proteins
Some of the inserts had open reading frames encod-
ng the structural proteins vp55 and vp74. For further
nvestigations, DNA fragments of 669 bp encoding vp55
nd of 1056 bp encoding vp74 were amplified by PCR and
igated into the vector pRSET (Invitrogen, Carlsbad, CA).
he encoded polypeptides were overexpressed in E. coli
L21 (Studier and Moffat, 1986) and purified via their
istidine tags by chromatography on Ni-NTA resin col-
mns (Qiagen, Chatsworth, CA).
Antisera against the bacterially expressed proteins
ere raised in rabbits (Harlow and Lane, 1988). Antibod-
es were purified by immunoaffinity using the antigens
oupled to Sulfolink (Pierce, Rockford, IL). The bound
ntibodies were eluted with 0.1 M citric acid (pH 3.0) and
mmediately neutralized.
mmunoblotting
Viral proteins (Klein et al., 1995) were separated by
lectrophoresis in a sodium dodecylsulfate–polyacryl-
mide gel (15%) (Laemmli, 1970) and electroblotted onto
nylon filter (Immobilon-P, Millipore, Bedford, MA) using
he Fastblot B-32 device (Biometra, Germany) at 0.8 mA/
m2 for 1 h. After transfer, the membranes were blocked
overnight in milk powder and incubated with affinity-
purified primary antibodies (diluted 1:5000) (Towbin et al.,
1979). Immunopositive polypeptides were detected using
the ECL Western blotting system (Amersham, Sweden).
Electron microscopy and postembedding
immunolabeling
To visualize viral proteins in electron micrographs of
EsV-1 particles, we fixed EsV-1-infected algal cells with
0.5% glutaraldehyde and 3% freshly prepared paraformal-
dehyde in SC buffer (50 mM sodium cacodylate, 70%
culture medium; pH 7.5) containing 0.2% caffeine for 3 h
at room temperature. The preparation was then consec-
utively washed several times in SC buffer, 50 mM glycine
in SC buffer, and double-distilled water followed by a
stepwise dehydration in acetone. Infiltration with Lowi-
cryl K4M (Polysciences, Warrington, PA) was carried out
slowly by a stepwise addition of the resin over several
days at room temperature. The whole fixation and infil-
tration process was carried out at room temperature on
a slow-rotation mixing device. The samples were then
flat-embedded between Aclar embedding film (Plano,
Germany) and polymerized by UV irradiation.
Alternatively, we used the fixation procedure de-
scribed previously for the visualization of viral particles in
infected algal cells (Wolf et al., 1998). Briefly, algae tissuewas fixed in 2.5% glutaraldehyde in SC buffer. After
washing with SC buffer, the samples were treated with
1% OsO4 in SC buffer and stained en bloc with 1% uranyl
cetate in distilled water followed by washing with dis-
illed water and dehydration in acetone. The preparation
as flat-embedded in Spurr’s resin (Spurr, 1969) and
olymerized at 70°C for 24 h. The samples were sec-
ioned with a Reichert OM U3 ultramicrotome using a
iamond knife.
Sections (70–90 nm) were mounted on Pioloform-
oated nickel grids (200–300 mesh, thin bar; Plano) and
rocessed by floating on droplets of reagent. They were
ncubated in phosphate-buffered saline (PBS) containing
% bovine serum albumin and 0.05% sodium azide
blocking buffer) for up to 16 h at room temperature. This
as followed by incubation with primary antibodies (1:
00 diluted in blocking buffer) for 2 h at 37°C and wash-
ng several times with PBS. After blocking for 30 min, the
ections were incubated for 1 h at 37°C with secondary
old-labeled antibodies (goat anti-rabbit IgG polygold 10
m; Polysciences) at 1:50 dilution. They were then care-
ully washed with PBS, fixed in 2.5% glutaraldehyde, and
inally washed in double-distilled water. In control exper-
ments, we omitted the primary antibodies or used pre-
mmune sera instead of vp55- or vp74-specific antibodies.
For electron microscopy, sections were stained with
ead citrate (Venable and Coggeshall, 1965). They were
xamined on a Zeiss EM 900 electron microscope and
hotographs were taken on Agfa Scientia plates. Viral
ore sizes and distribution of gold granules were deter-
ined on electron micrographs and statistically evalu-
ted using the StatView program (Abacus Concepts,
erkeley, CA). The length standard was a cross-grating
eplica (2160 lines/mm; Plano). Background labeling was
stimated by counting the gold particles on algal vege-
ative cells that did not produce viruses.
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